Objective: Inappropriate complementary feeding is one of the major causes of malnutrition in young children in developing countries. We developed an educational intervention, delivered by local health-care providers, aimed at improving complementary feeding practices and child nutrition. Design: Eight townships in Laishui, a rural area in China, were randomly assigned to the educational intervention or control group. A total of 599 healthy infants were enrolled at age 2-4 months and followed up until 1 year of age. In the intervention group, educational messages and enhanced home-prepared recipes were disseminated to caregivers through group trainings and home visits. Questionnaire surveys and anthropometric measurements were taken at baseline and ages 6, 9 and 12 months. Analysis was by intention to treat. Results: It was found that food diversity, meal frequency and hygiene practices were improved in the intervention group. Infants in the intervention group gained 0?22 kg more weight (95 % CI 0?003, 0?45 kg, P 5 0?047) and gained 0?66 cm more length (95 % CI 0?03, 1?29 cm, P 5 0?04) than did controls over the study period. Conclusions: Findings from the study suggest that an educational intervention delivered through local health-care providers can lead to substantial behavioural changes of caregivers and improve infant growth.
Inappropriate complementary feeding practices, such as too early introduction of complementary foods, restriction in food selection and insufficient amounts of complementary foods, have been identified as one of the major causes of malnutrition in young children in the developing world (1, 2) . In China, for example, despite the rapid pace of social and economic development, poor complementary feeding practices remain prevalent in rural areas. Rural children are often given food that is mainly carbohydrate and low in protein and fat (3) . Less than a quarter of infants and young children in rural China consume dairy and animal-source foods daily (4) , and about 15 % of young children have never been fed meat, eggs or bean products (5) . Previous studies have found that caregivers do not give available quality foods such as meats, vegetables, oil and eggs to infants because of traditional beliefs that these foods are too 'heavy' for infants to digest (6, 7) . The poor complementary feeding practices in rural areas have resulted in great disparities in growth and nutritional status between rural and urban children. Data from the Chinese Child Nutrition Surveillance Programme show that the prevalence of stunting in rural children was 20?5 % in 2000, much higher than that of 2?9 % among their urban counterparts (8) . The prevalence of underweight was highest between 6 and 24 months of age, with 13?9 % of rural children being underweight compared with 3?0 % of children living in cities (8) . Effective interventions are therefore needed in rural China to improve complementary feeding practices and enhance child nutrition and health. A number of nutrition educational interventions have been carried out in developing countries aimed to provide caregivers with information and motivation to alter feeding practices (2, (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . These studies provide evidence that educational interventions can improve caregiver feeding practices and child dietary intake (2, 10, 12, 14, 15, 18, 19) . However there is a paucity of knowledge about how to deal with deep-rooted cultures and traditions through educational interventions. There also remains heterogeneity across studies on the impact of these interventions on child growth, thereby hindering the efforts of local, national and international organisations to advocate for such behavioural interventions. Therefore we conducted a randomised controlled trial in rural China to assess the effects of an educational intervention delivered through health-care providers on caregiver feeding practices and child growth.
Methods

Study area and participants
The study was conducted in Laishui County of Hebei Province in north-west China, with a population of 340 000 and a per capita gross domestic product of $US 500 in 2006. There is one general hospital and one Maternal and Child Health hospital in the county. Each of the fifteen administrative townships has its own government-funded hospital. Each village also has a doctor trained in modern medicine or traditional medicine.
Eight townships were selected that each had at least two primary health-care providers who could provide intervention and evaluation for the study. Townships were paired based on population, geographic type and economic condition. We avoided pairing up directly adjacent sites. The paired townships were listed alphabetically in blocks of two and assigned randomly to be intervention or control sites.
All infants in the selected townships who were full-term (gestational age .37 weeks), singletons, without major birth defects, and aged 2-4 months at the time of the baseline survey were eligible for the study. The eligible infants and their families were identified through birth registration and household registration, and recruited by local primary health-care providers. Written informed consent was obtained from the children's parents. In total, 599 infants were enrolled between April and September of 2006.
Procedures
During the developmental stage of the intervention, we reviewed literature to identify previous successful intervention strategies. Existing documents including routine registration, clinical records and survey results were examined to understand the local population, climate, geography, economy, children's morbidity and mortality, malnutrition prevalence and health services. Primary health-care providers were interviewed about local infant feeding patterns, the ingredients and methods of preparation of typical meals for infants, and cultural beliefs regarding food selection and preparation.
Based on the findings from this formative research, we developed an intervention plan comprising four major components: (i) group training sessions on food selection, preparation and hygiene, childhood nutrition and growth, and responsive feeding style; (ii) demonstration of preparing enhanced weaning food recipes which were formulated using locally available, affordable, acceptable and nutrient-dense foods such as egg, tomato, beans, meat, chicken and liver; (iii) booklets which contained infant feeding guidance and methods of preparing the recommended recipes; and (iv) home visits every three months to identify possible feeding problems and provide individual counselling. Important family members, mainly husbands and parents-in-law, and community members such as the village doctors and committee leaders were involved in the intervention so they could provide a supportive environment for changing feeding practices.
The control group received a standard package of child health care from the township hospitals which included breast-feeding counselling, but did not contain other than standard counselling on complementary feeding.
Before the initiation of the intervention, the health-care providers in the intervention areas were trained by the study team on child nutrition, breast-feeding, complementary feeding and counselling skills. They then conducted group training sessions with the village committee leaders, child caregivers and key family members on the benefits of breast-feeding, timing of introduction of complementary foods, continued breast-feeding in the first year of age, nutritional value of major foods, symptoms and hazards of childhood malnutrition, and quality and quantity of complementary foods. A demonstration of the preparation of the recommended recipes followed the group training. The recipes were designed based on local typical meals and modified to increase the energy and nutrient density of the diet. For example, a local common food huhu (Dough Drop Soup), which is made from flour and water, was improved by adding carrot, onion, cabbage, potato, pumpkin, egg and cooking oil. The trained health-care providers explained the benefits of the ingredients in the recipes and showed caregivers how to prepare the recipes. The recipes were then fed to children, and the caregivers were asked to evaluate what they liked or disliked about the recipes, whether they had any difficulty in using the recipe, and if they would use the recipes in future.
A 30 min questionnaire was administered by local health-care providers to the mothers of the infants at baseline, and 6, 9 and 12 months of age. The questionnaires collected information on infant feeding practices, health status, caregiver's knowledge, beliefs and behaviours, and household sociodemographic background. At the end of each survey questionnaire, the weights and lengths of the infants were measured following standard procedures (20) . Infants were weighed in light clothing using electric weight scales with 0?01 kg accuracy. Their supine lengths were measured barefooted and bareheaded using standard infant length boards with 0?1 cm accuracy. Parental weights were measured using electric weight scales to the nearest 0?01 kg, and heights were measured using statiometer to the nearest 0?1 cm. The measurements of weight and length/height were repeated twice by two trained primary health-care providers cooperatively. Infants' birth weight and length were obtained from birth records.
The major outcomes of the study were caregivers' complementary feeding practices and infants' physical growth. Complementary feeding practices were measured by the following indicators: (i) meal frequency; (ii) the proportions of children consuming a variety of food groups; (iii) caregivers preparing easy-to-digest foods for children; (iv) washing hands before feeding, using soap and clean water; and (v) encouraging the child to eat when the child refuses. Physical growth was assessed by attained weight and length (i.e. observed weight and length at each measurement point) and incremental weight and length (i.e. increase in weight and length between baseline and the final observation point).
Ethics committee approval
The study was approved by the institutional review boards of the Johns Hopkins Bloomberg School of Public Health and Peking University Health Science Center.
Statistical analysis
For budget and logistical reasons, we could only enrol four townships per treatment group. There was no information available about inter-cluster coefficient of variation, but we expected the inter-cluster variation to be low at 0?01. Assuming the standard deviation for weight was 1 kg and average weight was 9 kg in the control group, to detect a 0?3 kg difference in weight between the intervention and control groups with 80 % power and 5 % significance level, and to account for the cluster effect and 20 % loss to follow-up, we estimated a sample size of 600 in total (seventy-five per cluster).
Analysis was by intention to treat. Differences between groups were tested first using the Student t test for continuous variables and the x 2 or Fisher exact test for categorical variables, and then using multivariate regression models to control for possible confounding effects of sociodemographic covariates. Township was used as the treatment unit, but the correlation in the outcomes within townships was low at about 0?01 and the within-township correlation was not significant in the random-effect model; therefore we omitted the intra-cluster correlation during final analyses. Random-effect regression models were used to examine the effects of the intervention on growth addressing the correlations among repeated measures on the same subject. Data management and statistical analysis were performed with the Stata statistical software package version 8?0 (Stata Corp., College Station, TX, USA).
Results
A total of 599 infants were recruited at baseline, 294 in the intervention group and 305 in the control group. Infants in the intervention group did not differ significantly from controls with respect to infant gender, age, birth weight and length, parents' age, ethnicity, education, number of siblings, household possessions, as well as parents' weight and height (Table 1) . However, more mothers at intervention sites than controls engaged in agriculture work (57?1 % v. 49?8 %, P , 0?05) and more fathers at intervention sites than controls were migrant labourers who worked temporarily in cities (67?3 % v. 55?7 %, P , 0?05).
Children available for the follow-up visits at 6, 9 and 12 months of age numbered 528 (88?1 %), 473 (79?0 %) and 490 (81?8 %), respectively (Fig. 1) . The main reasons for loss to follow-up were that the families moved out of the area, decided not to participate or were not at home at the time of the survey.
Summarised in Table 2 are reported infant feeding practices at baseline (2-4 months), 6, 9 and 12 months of age. The two groups were comparable at baseline in terms of current breast-feeding rate, breast-feeding frequency, introduction of complementary foods, and caregivers' hand-washing practice. Breast-feeding practices did not differ between groups at any of the follow-up points. Most infants (93?6 % in the intervention group and 93?9 % in the control group, P 5 0?88) were breast-fed at 6 months. By 1 year of age, 85?1 % in the intervention group and 85?4 % in controls were still breast-fed (P 5 0?92).
Overall, improved complementary feeding practices were observed in the intervention group. A significantly higher proportion of children in the intervention group consumed meats, eggs, dark green leafy vegetables, fruits, cooking oils and beans than did controls at 6, 9 and 12 months. By 12 months, more infants in the intervention group than controls received all food groups except for grains. The biggest differences were found in the percentage consuming meats or organ meats (96?9 % v. 58?2 %, P , 0?001), beans (92?1 % v. 67?2 %, P , 0?001) and yellow or orange foods (97?2 % v. 76?7 %, P , 0?001). Children in the intervention group had more meals (semi-solid or solid foods) per day than did their counterparts at 6 months (1?60 v. 1?05, P , 0?001), 9 months (3?77 v. 2?53, P , 0?001) and 12 months (4?19 v. 2?90, P , 0?001; Table 2 ).
At 6 and 12 months, more mothers in the intervention group reported that they washed their own hands and their children's hands before meals than did mothers in the control group. They were also more likely to wash hands using soap and clean water than mothers in the control group. More mothers in the intervention group than the control group cooked easy-to-digest foods separately for their children and encouraged children to eat when they refused food (Table 2) .
Infant growth results are shown in Table 3 . At baseline, there were no significant differences in the mean weights and lengths between the intervention and control groups (weight: 6?51 v. 6?66 kg, P 5 0?09; length: 60?75 v. 61?10 cm, P 5 0?17). By the age of 12 months, the intervention group reached a mean weight of 9?70 kg and a mean length of 74?70 cm, 0?06 kg heavier and 0?21 cm longer than controls; these differences were not statistically significant (95 % CI: 20?15, 0?28 kg, P 5 0?56; and 20?29, 0?71 cm, P 5 0?4, respectively).
The intervention group, however, gained more weight and length over the study period. Infants in the intervention group increased 3?26 kg in mean weight and 14?16 cm in mean length between baseline and 12 months of age, whereas the control group increased 3?02 kg in mean weight and 13?47 cm in mean length. The intervention group gained 0?24 kg more weight (95 % CI 0?02, 0?46 kg, P 5 0?03) and 0?69 cm more length (95 % CI 0?10, 1?28 cm, P 5 0?02) than did controls (Table 3) . Effects of the intervention on incremental weight and length remained significant after adjusting for infants' and parents' sociodemographic covariates. The multivariate regression results show that the intervention group gained 0?22 kg more weight (95 % CI 0?003, 0?45 kg, P 5 0?047) and gained 0?66 cm more length (95 % CI 0?03, 1?29 cm, P 5 0?04; Table 3 ). We further adjusted for the Random-effect models were used to examine the effect of the intervention on growth over time adjusting for correlations within subjects across observation points. The intervention group attained faster growth velocities in weight (0?04 kg/month, 95 % CI 0?02, 0?06 kg/month, P , 0?001) and length (0?11 cm/month, 95 % CI 0?05, 0?17 cm/month, P , 0?001). As shown in Fig. 2 , the intervention group gained weight and length more quickly than did controls.
Discussion
Our findings show that an educational intervention delivered through local health-care providers can effectively change caregivers' complementary feeding practices and improve infants' growth status. The intervention activities in the current study were culturally sensitive, comprehensive, and integrated with local resources. When developing the intervention plan, we evaluated how traditional complementary foods were prepared, whether local foods were sufficient to meet nutrient requirements, and whether the recipes were acceptable, affordable and convenient for local families. The educational messages were simple, focused and illustrated. A key element in the success of the study is that the intervention was implemented through existing health-care services. Over 80 % of the surveyed mothers ranked health-care providers as their most trusted source of information on child care and feeding. In addition, health-care providers have ready access to local families through routine health services, which makes them the most viable resource to deliver the intervention. Thus, integrating educational activities on complementary feeding into the existing health-care system may result in greater sustainability over the long term.
The intervention group showed greater incremental growth, of the order of 0?24 kg and 0?69 cm, from 2-4 to 12 months of age. Although not strictly comparable, this improvement in linear growth is consistent with the summary effect on linear growth of 1?14 cm from 6 to 18 months for comparable educational interventions reported by Bhutta et al. in the recent Lancet series on maternal and child undernutrition (21) . There were no significant differences observed in attained weight and length between group, but the intervention group was somewhat lighter and shorter than the control group at baseline Fig. 1 Trial profile (*Refusal: the subject decided not to participate; yNot available: the subject moved out of the area or was not at home at the time of the survey; zUnknown: the subject dropped out of the study while the interviewer did not record the reason for drop-out) Encourage child to eat when child refuses (n, %)
Data are number and percentage (n, %) or mean and standard deviation.
-indicates data not available because the item was not asked at the survey. *Intervention group n 294, control group n 305.
-Intervention group n 265, control group n 263. --Intervention group n 231, control group n 242. yIntervention group n 256, control group n 234.
(although the difference was not statistically significant) and became heavier and longer by the age of 12 months (again the difference was not statistically significant). Given a longer follow-up period, perhaps we would have been able to observe improvements in attained weight and length in the intervention compared with the control group. The results from this study confirmed the finding by Bhutta et al. that nutritional education alone can increase linear growth in food-secure populations, which was defined by an average income of at least $US 1 per person per day (21) . The study indicated that more infants in the intervention group were fed diverse food groups, including meats or organ meats, eggs, fruits, vegetables, beans, roots, tubers and cooking oil. One of the key messages delivered to caregivers was that young children should be given animal-source protein such as meats, fish and eggs. We found that families with infants were resistant at first to the recommended recipe made from flour, egg, meat, green leafy vegetables, potato and cooking oil because they believed that 'the baby doesn't like egg or vegetables' and that 'egg, meat and cooking oil cannot be digested by the baby'. But after seeing how the recipe was prepared and how well their children accepted it during the recipe preparation demonstration, many of them agreed to try the recipe at home. By explicitly explaining the benefits of specific foods on child growth and addressing their concerns about feasibility, time and cost of preparing the recipes, the intervention changed caregivers' food selection behaviours. The results showed that 96?9 % of infants in the intervention group were fed meats or organ meats at age 12 months, nearly double that reported by the control group (58?2 %). Findings from previous observational and randomised controlled studies have shown positive effects of animal-source foods on child growth and cognitive development (22) (23) (24) (25) , and therefore researchers have advocated the use of animal-source food to address maternal and child malnutrition problems in developing countries (26) . In October 2008, the WHO re-emphasised the role of the animalsource foods as 'the first and most effective choice to treat moderately malnourished children' (27) . In our study, improvements in linear growth were achieved by educating and motivating families to regularly incorporate animal-source foods that were available and affordable, but were not usually fed to infants. Although this strategy is dependent on adequate family resources to acquire such foods, the findings here suggest that interventions to incorporate more animal-source foods in the diets of older infants can be an important component of policies to improve growth in the first year of life.
The current study is the first randomised controlled trial of an education intervention on complementary feeding practices in China. Although problematic complementary feeding is universal in rural areas due to socio-economic constraints and traditional beliefs, there is a severe paucity of studies on complementary feeding in China. Only two educational intervention studies in China have been published. One study was conducted in Sichuan, a southern province in China, which disseminated nutrition education messages and enhanced recipes to families with infants aged 4 to 12 months (6) . The intervention group was heavier and longer than the control group after implementation of the intervention. However, the study was not a randomised controlled design and did not collect baseline information, which prohibited examination -Intervention group n 287, control group n 302. --Intervention group n 258, control group n 254. yIntervention group n 214, control group n 227. ||Intervention group n 256, control group n 234. zIntervention group n 234, control group n 203.
of the causal effects of the intervention on child growth (6) . The other study was conducted among infants of Dai minority in Yunnan Province (17) . That study employed nutrition education, growth monitoring, cooking demonstration and integrated management of childhood diseases as intervention approaches and found improved weights among male infants. However, the study had a cross-sectional design and the weights were compared among two different groups of children at pre-and post-intervention time periods (17) . These methodological problems limited the validity of the study results. Our study avoided these potential pitfalls. The strengths of our study are the randomised controlled design, well-trained and supervised field workers, standardised evaluation procedures, and a carefully designed data analysis plan to take into account the clustering nature of the data.
Our study also has some limitations. First, about 20 % of participants dropped out during the study period. Many rural labourers poured into cities for jobs because of the huge inequality in social and economic development between the rural and urban areas in China. It is difficult to avoid drop-outs although the field workers made great efforts to maintain the participants in the study. However, the families lost to follow-up were not significantly different from those who remained in the study with respect to baseline sociodemographic characteristics. Therefore we do not think that the loss to follow-up caused significant selection bias in our study. Second, dietary data in the study such as breast-feeding frequency, meal frequency and consumption of different food groups were obtained from a 24 h dietary recall. According to findings from previous studies, parents of infants report their infant's inhome dietary intakes accurately, and data obtained by the dietary recall can be highly consistent with weighed food intakes (28) . Researchers in China compared children's daily energy intake obtained from the 24 h dietary recall with data from a 3 d household inventory, the standard approach, and found only a 1 % difference between the two methods (29) . We have no data on accuracy and reliability of our dietary measures, but the body of research supports its use as an adequate method for assessing food consumption in populations, including infants.
Another concern is possible information bias caused by the inability to blind people to the treatment assignment. For a randomised controlled study, ideally the people who evaluate the outcomes should not be the same people who administer the intervention. These people, together with the participants, should be blind to treatment assignment. In the current study, due to the shortage of health-care staff, those people conducting questionnaire survey and anthropometric measurement were the same ones who delivered the intervention, and they were aware of the treatment assignment. The study participants were also aware of their treatment as it was clearly stated in the consent procedure. However, we believe that this should not have introduced information bias because the anthropometric outcomes were objective. In addition, we implemented strict training, supervision and quality control measures. Weight and length scales were centrally purchased and distributed to the township hospitals, and were calibrated by the supervisors from Peking University every month. Before the study was launched, all examiners were gathered at the county hospital and trained on standardised measurement techniques. After the training, the trainees were asked to measure weights and lengths of twelve children, three times for each child. The validity of anthropometric measurements was evaluated by comparing the readings of the trainees with those made by the supervisor. The intra-observer reliability was measured by the coefficient of reliability. After the training session, all observers reached a coefficient of reliability greater than 0?95. During the study, supervisors from Peking University and the county hospital conducted supervision every month on the observers' practice of measuring children's weight and length. The inter-observer reliability was 0?98 for weight and 0?93 for length. If there was more than 0?1 kg difference in weight and more than 1?0 cm in length between two measurements, additional measurement would be taken until the difference was within 0?1 kg for weight and 1?0 cm for length. The average of the two measurements was used as the final value of measurement. These approaches should have ensured the quality of outcome measurement.
The findings from our study, combined with the positive findings from other studies, provide promising evidence about the effects of educational interventions on complementary feeding practices and infant nutritional status. Further study is needed to determine the sustainability of such intervention effects on child growth and nutrition, and to assess the generalisability of the intervention to similar areas in China and other developing countries.
